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Abstract 
The unfragile guaranteed-cost H∞  control problem of a class of uncertain state-delay sampling system is addressed.  
Combining Lyapunov method and the properties of linear matrix inequality, the sufficient condition of robust 
stability and performance index are given, and corresponding controller is designed. Finally, a numerical example 
illustrates the effectiveness and the availability for the design. 
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1. Introduction 
Research of sampling system has been come into a hot topic[1-2]. Because of existing of uncertain 
parameter, the performance of sampling system is often deterioted and even turns instable. The 
development of robust controller with parameteric uncertainties has paid close attention in past few 
years[3-6]. 
But above-mentioned controllers are adjust to the plant uncertainties, their robustness to the 
uncertainties in controllers themselves has not been studies. Keel and Bhattacharyya has shown by a 
number of examples that the controllers designed by using the 2H , H∞  and μ formulations may be very 
sensitive, or fragile, to errors in the controller coefficients[7, 8, 9, 10, 11], However, to my know, there 
have been a few of results in the literature of any investigation for a unfragile cost-guaranteed H∞
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controller design of uncertain state-delay sampling system, which is exactly what concerns and interests 
us.
In this paper, the problem of unfragile cost-guaranteed H∞  control for uncertain state-delay 
sampling system and controller gain perturbations is considered. stability criteria for existence of the 
unfragile cost-guaranteed H∞   controller are derived by sovling linear matrix inequality(LMI). 
2. Preliminaries and Problem statement 
Control plant of sampling system 
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where ( ) Rnx t ∈  is the state vector, and ( ) Rmu t ∈ is the control input, ( ) Rlz t ∈ is the measured output, 
( ) R ptω ∈ is the external disturbance input that belongs to 2 [0, ]L ∞ .
to discretization equation (1)  
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τ  is sampled period
In practical engineering, the system applying with controller exists with disturbance and this 
disturbance is bounded, so to discrete system (2) , we design a controller with gain perturbation.  
)()()( kxKKku Δ+=                                                              (3)
where K is controller gain and KΔ is gain perturbation. 
we consider gain perturbation of the following two forms 
a.  addition
222 EFDK =Δ   ,     IFF ≤2T2                                            (5) 
b.  multiplication  
KEFDK 333=Δ   ,   IFF ≤3T3                                             (6) 
where 3232 ,,, EEDD  is known constant matrix, )2,1( =iFi  is unknown matrix with Lerbesgue 
measurable elements. 
Lemma 1[13] (Schur complement) For a given symmetric matrix 11 12T
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the following condition are equivalent: 
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Lemma 2 [14] For given matrices T ,Q Q= ,H  and E , with approcaite dimensions holds for all ( )F k
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3. Main Result 
Theorem 1 Consider the uncertain time-delay discrete-time systems (2) with additive controller gain 
perturbations (4),if there is an appropriate dimension of the positive definite symmetric matrix 0X>
and 0, 1, 2, 3iW i> =  and constant value 0iε > , )2,1,0( =i , at the same time satisfy the following LMI 
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Proof. Under the control of the unfragile controller, the closed-loop uncertain time-delay system
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Let 0>P , 0>S  is symmetric positive matrix, define the Lyapunov function as
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By lemma 1 and lemma 2 we have
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Pre-and post-multiplying the matrix (16) by diag 1 1( )IP IP IIII− − , let 1X P−= ,
1
3W XR X
−= , 2 ,W XQX= Y KX= , we have inequality (7), It can be proved. 
Theorem 2 Consider the uncertain time-delay discrete-time systems (2) with multiplicative controller 
gain perturbations (4), if there is an appropriate dimension of the positive definite symmetric matrix 
0X > and 0W >  and constant value 0iε > , )2,1,0( =i , at the same time satisfy the following LMI 
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Proof. its prove is same with theorem 2 and  omitted. 
4. Numerical Example 
 Consider the uncertain time-delay system (1), and as is  known  
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we are known from theorem 2 using Matlab to solve 
0.4291 0.3251
0.3251 0.2343
X
−⎡ ⎤= ⎢ ⎥−⎣ ⎦
, [ ]0.0130 0.0324Y = −
3363Lin Chen / Procedia Engineering 29 (2012) 3359 – 3363 Author name / Procedia E gineering 00 (2011) 000–000 5
[ ]1 1.4520 1.8765K YX −= = − −
thus robust controller of  the system can be designed 
1
1 2( ) ( ) 1.4520 ( ) 1.8765 ( )u k YX x k x k x k
−= = − −
5. Conclusions 
This paper researches unfragile cost-guranteed control H∞  problem of uncertain time-delay sampled 
systems, due to the existence of controller perturbations, this paper uses Lyapunov stability theory and 
linear matrix inequalities method to give a set of LMI and sufficient condition of controller existing, 
Simulation results show that the method improves the robustness of uncertain time-delay sampled system, 
numerical examples verify the effectiveness of the proposed method. 
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